The leaf essential oils of Zanthoxylum armatum DC (Rutaceae) from Kumaon, India, extracted by hydrodistillation, were analyzed by capillary gas chromatography (GC-FID) and gas chromatography-mass spectrometry (GC-MS). The major classes of compounds found in the leaf oils were acyclic and menthane monoterpenoids as well as simple alcohols, aldehydes and ketones. The high proportion of non-terpenic acyclic ketones, notably 2-undecanone and 2-tridecanone, and the low abundance of undec-10-en-1-al and p-phellandren-8-ol make the composition entirely new. Other constituents present in significant amounts were oxygenated monoterpenes, which include 1,8-cineole, linalool, terpinen-4-ol, and α-terpineol, and sesquiterpene hydrocarbons represented mainly by trans-caryophyllene, α-humulene and germacrene D. On the contrary, the oil distilled from the leaves on the second day of distillation was characterized by a high content of 2-tridecanone (27.1%) and trans-caryophyllene (7.4%), as compared with 3.5% and 4.6%, respectively, for the fresh leaves; a slight decrease in pH of the distillate was also significant. Moreover, the presence of a high 2-undecanone content followed by 2-tridecanone is being reported for the first time for Z. armatum from this region. In terms of molecular diversity, the simple acyclic ketones dominate the essential oils as compared with linalool that was reported in several previous studies on Z. armatum. Therefore, the two acyclic ketones may be utilized to establish the origin and authenticity of the material.
Since ancient times, herbs and plant species have been added to different types of food to improve their flavor and organoleptic properties. Among various sorts of natural compounds, essential oils from aromatic plants have receiving special attention.
The Rutaceae consists of 150 genera and around 900 species, many of which are sources of essential oil used in perfumery and medicine [1] . Out of the eleven species reported from India, six species of Zanthoxylum occur in the Himalayan region [2] . Zanthoxylum is the largest and most widespread genus in the family, containing about 100 New World and 100 Old World species, including small to large trees, most of which have spiny trunks and branches [3, 4] . Z. armatum DC is an evergreen shrub or small tree up to 12 m high, distributed in the northern part of India, including Kumaon at a height of 5000-7000 ft [5] , Pakistan, east to Japan, Korea, south to the Philippines and Taiwan [6] . The composition of the essential oils of various Zanthoxylum species has been investigated worldwide [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Several types of activities, like larvicidal [12] , anthelmintic [21] , antibacterial and antifungal [22] have been reported. In Uttarakhand, Z. armatum has been the subject of research in recent years on its traditional uses and conservation aspects [23] [24] [25] . In addition, (3S)-(+)-linalool (enantiomeric excess: 84%) has been characterized in leaf oil of Z. armatum from Kumaon [26] . This paper describes the compositional difference in terms of the major constituent, 2-undecanone, in the essential oil from leaves collected over years from the Kumaon region. The relative oil compositions of Z. armatum are summarized in Table 1 . The principal constituents are represented by simple acyclic ketones, such as 2undecanone (48.4-51.8%) and 2-tridecanone (5-13.5%), as well as oxygenated monoterpenes, among which linalool (6.7-8.4%) and 1,8-cineole (0.5-4.7%) were often the main compound. A number of sesquiterpene hydrocarbons, such as trans-caryophyllene (4-7.2%), α-humulene (0.1-0.5%) and germacrene D (0.7-1.5%) were present. In addition to 2-undecanone and 2-tridecanone, entities like undec-10en-1-al (<1%) and p-phellandren-8-ol (0.2-1.3%) were identified in both years' collections.
The oil from the first year collection contained 2undecanone (48.4%), 2-tridecanone (13.5%) and undec-10-en-1-al (0.5%). Oxygenated monoterpenes contributed 12.4% of the total oil with linalool (8.4%), α-terpineol (2.6%) and terpinen-4-ol (1.4%) as major constituents. Among the sesquiterpene hydrocarbons present were trans-caryophyllene (7.2%) and germacrene D (1.5%). The oil from the second year's collection was comprised of 2undecanone (51.8%), followed by α-pinene (11.6%), linalool (6.7%), 2-tridecanone (5%) and 1,8-cineole (4.7). The sesquiterpene fraction contained trans-caryophyllene, α-humulene and germacrene D. p-Phellandren-8-ol (1.3%) was identified for the first time in the leaf oil.
A separate fresh collection of leaves was made to monitor the role of distillation time on oil compositions. 2-Undecanone (55.7%), linalool (11.5), trans-caryophyllene (4.6%), 1,8-cineole (4.3%) and 2-tridecanone (3.5%) were identified in oil extracted from fresh leaves after three hours of distillation. Interestingly, used hydro-distilled leaves were further extracted on a second consecutive day using the same water distillate. There was a sharp increase in the proportion of some of the constituents such as 2tridecanone (27.1% vs. 3.5%) and trans-caryophyllene (7.4% vs. 4.6%), while there was a simultaneous decrease in the proportions of 2-undecanone (46%) and linalool (1.8%). Moreover, a fingerprint based on the state of the materials and compositions with varied signatures can be achieved through consecutive days' extraction of Z. armatum leaf. Furthermore, at the end of the second day's distillation, a decrease in pH of the distillate (slightly acidic) was also observed. Moreover, the leaf constitution could change the neutral aqueous medium into an acidic one. Therefore, we conclude that a long duration of distillation and the constitution of the plant materials soaked in water overnight may lead to the distillate becoming slightly acidic, which results in a further change in composition [27] .
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Although Z. armatum has been the subject of extensive study in the past, a high 2-undecanone proportion followed by 2-tridecanone has not been reported for the leaf essential oil. However, our results are comparable with the oil composition of Z. alatum aerial parts from northwest India and Zanthoxylum sp. nov. "brillante" growing in Monteverde, Costa Rica in terms of the three major constituents, 2-undecanone, 2-tridecanone and linalool [19, 13] . In addition, constituents such as trans-2-hexenal, cis-3-hexenol, trans-2-hexenol, 1-hexanol, trans-trans-2,4hexadienal were completely absent in our oil samples. Earlier, high 1,8-cineole (15.7%) and linalool (18.8%) contents were reported [19] . Besides Z. armatum [19] and Zanthoxylum sp. nov. "brillante" [13] , 2-undecanone has been identified as the most exclusive constituent of Ruta chalepensis essential oil [28] . Wiley registry of mass spectral data, 7 th edition) and by comparing with the mass spectral literature data [29] . The relative amounts of individual components were calculated based on GC peak areas without using correction factors.
Plant material: Zanthoxylum armatum DC leaves were collected from Jones Estate (1380 m asl), once in July 2008 and twice in 2009 (July and August) at complete leaf maturity. The plant material was compared with CIMAP herbarium records and identified (specimens no.12475) by Dr SC Singh, Botany Division CIMAP, Lucknow.
Extraction and isolation of oils:
The fresh leaves (0.1 kg each) were distilled using distilled water in a Clevengertype apparatus for 3 h. The distillate was saturated with NaCl then extracted with HPLC grade n-hexane and dichloromethane. The organic layer was dried over Na 2 SO 4 , and concentrated to yield the pure essential oil.
